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onography is now used to evaluate many disorders of the muscu-
loskeletal system.1 One such example is evaluation of the median
nerve in carpal tunnel syndrome.2 Sonographic findings such as
median nerve enlargement immediately proximal to the carpal
tunnel and bowing of the flexor retinaculum have been described in
these patients.2 A correct diagnosis relies on accurate identification of the
median nerve and an understanding of the osseous landmarks delineat-
ing the carpal tunnel.
The presence of multiple closely approximated linear echogenic struc-
tures at the volar wrist makes identification of the median nerve difficult;
differentiation from the palmaris longus tendon and other tendons may
occasionally prove challenging. We present a technique that allows reli-
able identification of the median nerve at several locations in the distal
forearm and wrist by using the real-time capability of sonography.
Median nerve pathologic characteristics are also described.
Anatomy
Accurate identification of the median nerve requires a thorough knowl-
edge of its anatomic course and relationship to other structures in the
distal forearm and wrist. The median nerve originates from 2 cervical
nerve roots (the lateral cord C5–C7 and the medial cord C8 and T1) and
travels down the arm and enters the forearm between the 2 heads of the
pronator teres. The nerve passes distally in the volar aspect of the forearm
between the flexor digitorum superficialis and the flexor digitorum pro-
fundus muscles.
Approximately 5 cm proximal to the flexor retinaculum, the median
nerve courses around the radial or lateral edge of the flexor digitorum
superficialis, where its position becomes more superficial. Just proximal
to the carpus, the nerve lies between the tendons of the flexor digitorum
superficialis and the flexor carpi radialis, partially deep to the tendon of
palmaris longus (if it is present). The nerve then passes deep to the flexor
retinaculum into the carpal tunnel of the wrist.
Sonography
A large peripheral nerve such as the median nerve shows alternating
hypoechoic nerve bundles and hyperechoic connective tissue on sonog-
raphy.3 Such nerves are typically surrounded by hyperechoic fat. On lon-
gitudinal imaging the echo texture of a peripheral nerve is coarser than
that of a normal tendon. When imaged transversely, a peripheral nerve
has a speckled appearance on sonography.
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Technical Note
Normal tendons appear hyperechoic with a fib-
rillar echo texture on sonography; however, a
tendon will appear artifactually hypoechoic if
not perpendicular to the ultrasound beam (also
called anisotropy).4 In contrast, muscle is pre-
dominately hypoechoic with associated hypere-
choic septations and fascial tissue.
Technique
Figure 1 illustrates the 3 levels at which static
images were recorded in relation to the wrist.
Figure 2 shows the position of the median nerve
in relation to the flexor digitorum profundus and
the flexor digitorum superficialis in the distal
forearm in the axial plane corresponding to the
levels illustrated in Figure 1.
It is important to use a high-frequency linear
transducer, preferably 10 MHz or higher, for opti-
mal resolution. When scanning in the axial plane,
at the level of the carpal tunnel, it is often difficult
to differentiate hyperechoic tendons from the
normal median nerve (Fig. 2A). However, when
the transducer is moved proximally in the axial
plane, several findings on sonography allow
identification of the median nerve. First, the
median nerve courses around the radial aspect of
the flexor digitorum superficialis to ultimately lie
between the flexor digitorum superficialis and
the flexor digitorum profundus (Fig. 2B). Second,
the hyperechoic tendons of the flexor digitorum
superficialis and the flexor digitorum profundus
are contiguous with hypoechoic muscle at the
musculotendinous junctions, whereas the medi-
an nerve remains relatively hyperechoic. The
hyperechoic fat surrounding the median nerve
accentuates the contrast between the hyper-
echoic nerve and hypoechoic muscle proximally
(Fig. 2C). These findings are most obvious on
real-time sonography.
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Figure. 1. Forearm of a 42-year-old man. Distal (A), middle (B), and proximal (C)
levels shown correspond to the sonographic images described in Figure 2.
Figure 2. Axial sonograms of a wrist in a 42-year-old man.
A, Corresponding to the distal level (A) in Figure 1, the medi-
an nerve (N) may be confused with the adjacent palmaris
longus (curved arrow) and flexor carpi radialis (solid arrow).
The median nerve lies superficial to tendons of the flexor
digitorum (f). The radiocarpal ligament lies deep to flexor
digitorum tendons (open arrow) and superficial to the ulna
(U) and radius (R). B, Corresponding to the middle level (B)
in Figure 1, the median nerve (N) courses around the radial
aspect of the flexor digitorum superficialis (S) lying between
the flexor digitorum superficialis and the flexor digitorum
profundus (p). The pronator quadratus (Q) lies deep to flex-
or muscles. C, Corresponding to the proximal level (C) in
Figure 1, the median nerve (N) now appears relatively hyper-
echoic, contrasting with adjacent hypoechoic muscle, and
lies between the flexor digitorum superficialis (S) and the
flexor digitorum profundus (P).
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Once the median nerve is identified proxi-
mally, it can then be followed distally in the
transverse-axial plane to the carpal tunnel.
The echogenic surface of the pisiform at the
ulnar aspect of the wrist defines the proximal
carpal tunnel, the level at which the median
nerve diameter is measured for carpal tunnel
syndrome.
Pathologic Characteristics
Carpal tunnel syndrome is a compressive
neuropathy of the median nerve in the carpal
tunnel. Most cases are the result of activity
that involves repetitive movement of the
hand and wrist, but other associated condi-
tions such as tenosynovitis, rheumatoid
arthritis, and diabetes mellitus have been
associated. Less commonly, carpal tunnel
syndrome may be secondary to space-occu-
pying lesions in the carpal tunnel itself.
Sonographic findings in carpal tunnel syn-
drome include palmar bowing of the flexor
retinaculum and hypoechoic enlargement of
the median nerve. Nerve enlargement is
assessed in the transverse plane just proximal
to the carpal tunnel, where the median nerve is
considered enlarged if the cross-sectional area
is greater than 10 mm2 (transverse × antero-
posterior dimensions) or greater than 9 mm2
(continuous boundary trace).2
In primary carpal tunnel syndrome (Fig. 3),
sonography can be used to evaluate the medi-
an nerve by showing the cross-sectional area
and the relative decreased echogenicity of the
nerve because of edema. Secondary carpal tun-
nel syndrome may be due to space-occupying
lesions such as a ganglion cyst (Fig. 4) or post-
traumatic callus. The ability of sonography to
show some of the secondary causes of carpal
tunnel syndrome is one advantage sonography
has over electromyographic studies in evaluating
these patients. Sonography is also noninvasive
and relatively painless.
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Figure 4. Secondary carpal tunnel syndrome. The large anechoic mass (G; a sur-
gically proven ganglion cyst) distorts the anatomy of the carpal tunnel. N indicates
median nerve.
Figure 3. Primary carpal tunnel syndrome. A, Longitudinal
image of the median nerve (N), which is in the expected
anatomic location at the wrist but is of lower than expected
echogenicity. This is emphasized by the echogenicity of the
adjacent flexor tendons, which are immediately deep to it. R
indicates radius; L, lunate; and C, capitate. B, Cross-sectional
image through the median nerve (N), which allowed measure-
ment of the cross-sectional area, which in this case was 15
mm2, consistent with mild to moderate electromyographic
changes in carpal tunnel syndrome.5
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Conclusion
With knowledge of the sonographic anatomy of
the wrist, this simple and effective technique
allows accurate identification of the median
nerve, facilitating evaluation of pathologic
characteristics.
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